Purpose: To identify and evaluate the risk factors for the development of recurrent febrile urinary tract infection (fUTI) among patients with previous urinary stone and acute obstructive pyelonephritis (OPN).
INTRODUCTION
Obstructive pyelonephritis (OPN) is a complicated urinary tract infection (UTI). It is an emergent urological condition that can cause septicemia with increased risk of mortality [1, 2] . About 10% of patients with septic shock due to UTI had an accompanying condition of urinary tract obstruction (UTO). Compared with UTI patients without obstruction, patients with such obstruction showed longer hospital stays (12.8 days vs. 8.3 days, p=0.04) and a significantly higher mortality (27.0% vs. 11.0%, p=0.03) [3] . The causes of OPN are various and include ureteral stricture, urinary stone, and malignancy. However, the most common reason for obstruction in OPN is the presence of urinary stone. Rahman et al. [4] reported that about two-thirds of OPN patients was accompanied by the presence of urinary stone. Other studies have reported that patients with a history of previous ureteral stone accompanied by sepsis had a mortality rate as high as 19%, if appropriate ureteral decompression were not performed [5] . Furthermore, if decompressive procedure was delayed due to the so-called "weekend effect," the mortality rate could be at risk of being elevated [6] .
Therefore, appropriate stone management and infection control were crucial in OPN patients with a urinary stone. However, many patients have experienced recurrence of UTI, even after having received treatment both for urinary stone and original UTI. Vahlensieck et al. [7] reported that 33% of patients showed recurrent UTI. Moreover, de Cogain et al. [8] also reported that about 32% of patients showed recurrent UTI during a 5-year follow-up period. We believe that it is important to manage and minimize stone activity and stone recurrence, as well as to reduce recurrent febrile UTI (fUTI). However, we have noticed that studies on the risk factors for recurrent fUTI following OPN treatment were heavily limited.
Hence, our goal in this study was to evaluate the risk factors for recurrent fUTI in acute OPN patients with urinary stones.
MATERIALS AND METHODS
We retrospectively reviewed the medical record of patients who had urinary stone with acute OPN between May 2010 and December 2015. This study was approved by the institutional review board of the Gyeongsang National University Hospital (IRB GNUH 2016-11-009). All patients visited the emergency room (ER) at a single center (Gyeongsang National University Hospital) and were admitted, via ER, to the department of either urology or nephrology for further evaluation and treatment.
The inclusion criteria for patients were having had both acute pyelonephritis (APN) and urolithiasis. The diagnosis of APN was based on clinical symptomology (ex. fever; flank pain), laboratory testing (for leukocytosis; pyuria), and physical examination (costovertebral angle tenderness) [9] . All patients had a ureteral stone with UTO. Those patients who also had an accompanying renal stone were retained. The exclusion criteria were having an alternative diagnosis or an alternative source of UTI or another cause of urinary obstruction (ex., ureteral compression by stricture or malignancy; bladder outlet obstruction). Patients who had minimal symptoms and not admitted were also excluded. Lastly, patients whose records containing incomplete data or whose follow-up duration was short (＜3 months) were excluded. The term 'recurrent fUTI' was defined as APN or recurrence of OPN with (either a remnant or recurred) stone, requiring re-admission to receive intravenous antibiotics. All patients were divided into two groups (a recurrent fUTI group and a non-recurrent group) within 1 year after discharge.
The initial imaging studies were abdominal contrast/ non-contrast computed tomography (CT) and kidney ureter bladder (KUB) X-ray. The term 'obstruction' was defined as having a presence of upper urinary tract dilation with hydronephrosis, as shown by CT imaging. After the treatment, follow-up imaging studies were performed with KUB (for radiopaque stones) or non-contrast abdominal CT (for radiolucent stones). Decompressive procedures, percutaneous nephrostomy (PCN) tube insertion and ureteral stent insertion, were performed. PCN tube insertion was done by an interventional radiologist. Ureteral stent insertion was done by a urologist on duty, with administration of local anesthesia. Patients with ureteral stent were maintained on a Foley catheter for maximal decompression for a minimum of 2-3 days. In addition, the term 'pyuria' was defined as having the presence of over 5 white blood cells per high-power field. The initial bladder urine culture was done for all patients in the ER, and an additional PCN urine culture was performed in patients who had PCN tube or ureteral stent. Before urinary stone treatments [such as ureteroscopy (URS), retrograde intrarenal surgery (RIRS), percutaneous nephrolithotomy (PCNL) or extracorporeal shock wave lithotripsy (ESWL)], all patients received a course of preoperative broad spectrum antibiotics for a minimum of 3 days. After urine culture was found to contain no bacterial growth or became culture-negative for infection, urinary stone treatments were started.
We identified demographic variables (age; gender), previous medical history [diabetes mellitus (DM); hypertension; UTI; urolithiasis episode], and radiologic studies to determine stone size, number, location, and stone-free status. The term 'stone-free status' was defined as an absence of residual stone fragments on follow-up imaging studies. Pearson's chi-square test and the Mann-Whitney U-test were used to correlate clinical variables. Univariate and multivariate Cox regression analyses were used to define the independent risk factors for recurrent fUTI and positive urine cultures which were newly diagnosed as being positive or which were newly comprised of different organisms than had originally been found in the initial urine culture.
RESULTS
The mean age of patients was 62.2±14.6 years, and the mean follow-up duration was 26.0±20.39 months. After infection control and stone management, 23 patients presented recurrent fUTI during the 1-year follow-up period. Patients were divided into two groups (the recurrent fUTI group [n=23] and the non-recurrent fUTI group [n=29]). In terms of baseline characteristics, differences in age, gender, and previous treatment histories (UTI and urolithiasis) were not significant. However, the rate of DM history was significantly higher in the recurrent fUTI group (47.8% vs. 17.2%, p=0.018) than in the non-recurrent group. In the recurrent fUTI group, the median time to recurrent fUTI was 16.0 (6.0-338.0) days, and the mean duration of hospitalization was 8.2±41 days. The rate of early fUTI recurrence within the first month was 43.5% (10/23). With regards to stone location, the recurrent fUTI group showed a higher rate of having an accompanying renal stone than that shown by the non-recurrent fUTI group (60.9% vs. 31.0%, p=0.031). The rate of initially positive voided or PCN urine culture was also significantly higher in the recurrent fUTI group when compared with the non-recurrent group (60.9% vs. 27.6%, p=0.016). According to the initial laboratory testing, the number of patients with acute renal insufficiency (ARI) were comparatively higher in the recurrent fUTI group-but without statistical significance. The most commonly used decompressive procedure was PCN tube insertion (19/52, 36.5%). After stone treatment, the stone free-rate was likewise insignificant (p=0.879, Table 1 ).
E. coli was found to be the dominating organism in both the initial urine culture (68.2%, 15/22) and in that of recurrent fUTI culture (11/23). Of those in the recurrent fUTI group, 14 (60.9%) patients showed positive urine cultures that were newly diagnosed as being positive or different from those found in the initial urine culture. Compared with the initial urine culture, the number of Klebsiella and Enterococcus species has somewhat increased ( Table 2) . When we analyzed the suspected risk factors for recurrent fUTI, significant differences were found in DM history (yes, p=0.022), stone location (kidney, p=0.034), and initiallypositive urine culture (positive, p=0.018) in a univariate analysis. In a multivariate analysis, an initially positive urine culture (positive, 95% confidence interval [CI], 1.130-224.117; p=0.040) was identified as being an independent risk factor for the subsequent recurrence of fUTI (Table  3 ).
In both univariate and multivariate analyses, a finding of ARI on the initial laboratory testing (95% CI, 1.375-36.157; p=0.019), as well as the presence of a kidney stone (95% CI, 1.345-46.926; p=0.022), were factors significantly associated with a newly-diagnosed-positive urine culture diagnosis (Table 4 ).
DISCUSSION
In our study, 44.2% (23/52) of OPN patients with a urinary stone showed recurrent fUTI. Of them, 10 patients showed early fUTI recurrence within the first month. These rates were relatively high compared with previous studies. Vahlensieck et al. [7] reported a rate of 33.0%; de Cogain et al. [8] reported a UTI recurrence rate of 32.0% during the follow-up period. However, as compared with these studies, our patients were generally older (62.2 vs. 56.0 and 54.7-55.6 years). There were also differences in the baseline characteristics between both studies (ex., patients' previous history; urinary stone status) and the diagnosis of (and definition of what constituted) recurrent UTI. Perhaps these differences contributed to the discrepant results.
The risk factors for developing recurrent fUTI were a history of previous DM treatment, combination of a renal stone, and an initially positive urine culture in univariate analysis. Kofteridis et al. [10] reported that an elderly APN patient with DM showed an increased risk of bacteremia, long hospitalization, and mortality. In another study, it was found that comorbidity factors, such as DM, could influence urinary stone activity and the recurrence of UTI after the treatment of infection and stone [11] . DM, as a comorbidity factor, may be associated with stone activity and UTI recurrence; however, multivariate analysis did not find DM to be an independent risk factor (p=0.150). Additionally, in diabetic patients, glucose control could have been an important factor. However, the lack of information regarding, for instance, HbA1c or fasting glucose level is one of the limitations of our study. Of the total number of patients, patients who had both ureteral stone and renal stone showed a comparatively higher rate of UTI recurrence and the greater likelihood of remnant stone. A large number of renal stone patients had a relatively large stone burden and were at elevated risk of developing infected stone (i.e., struvite stone and calcium carbonate apatite stone). These may be associated with UTI recurrence.
According to our multivariate analysis, an initially positive urine culture was found to be the only independent risk factor for recurrent fUTI (p=0.040). A positive urine culture could be considered as being more significant UTI and may influenced the recurrence of fUTI, following the treatment and management of stones and infection. In a urine culture examination, we collected mid-stream urine (from all patients) and PCN urine (from PCN tube insertion patients). If there were bacterial species of more than 10 5 colony-forming units per milliliter between them in quantitative counts, we regarded this as being a 'positive' urine culture. However, the results from bladder urine and PCN urine of patients with complete obstruction could sometimes differ from one another. For instance, in our study, the pelvic urine cultures of 8 patients tested positive; of those, 6 patients tested as having the same bacterial species in both their bladder and their pelvic urine. However, the other 2 patients tested positive for PCN urine culture while negative for bladder urine culture. Eswara et al. [12] reported that-among readmitted patients who developed sepsis after having undergone treatment for a stone-there was only 64% correspondence between whether both their stone culture and their urine culture tested positive. Additionally, another previous study reported that stone culture results were better correlated with pelvic, rather than bladder, urine culture results [13] . When OPN patients presenting with fever visited the ER, antibiotic treatment could be started before testing the pelvic urine culture. However, antibiotic levels of intra-pelvic urine rise slowly. Therefore both tests of bladder urine culture and pelvic urine aspiration culture were needed at initial evaluation [14, 15] . In our study, we conducted ureteral stent insertion under local anesthesia and did not routinely collect pelvic urine samples. This could be a limitation of our study. However, we always checked urine cultures after a decompressive procedure to determine whether patients would test negative for infection. E. coli was, by far, the most common organism found in urine cultures. In our study, about 44% of patients had accompanying renal stones, excluding full staghorn stone patients. Therefore, urine cultures with urease-producing bacteria (the Klebsiella, Proteus species, for instance)which are common in infected stones-may have been small in number. Having an ARI or kidney stone were found to be a risk factor for developing new fUTI (as indicated by the presence of new and different organisms in the most recent urine culture as compared with those which had originally been found in the initial urine culture). In the case of ARI, we could not check for a previous history of chronic renal failure. However, patients who took hemodialysis were not included. The ARI found in patients upon initial laboratory testing may have been associated with complete ureteral obstruction or delayed urinary stone treatment. In another study, the rate of post-operative UTI was lower in stone-free patients than in patients with remnant stone (38% vs. 64%) [11] . However in our study, the stone-free rate was not different between the two groups. Recurrent UTI was higher in patients with renal stone; and having a renal stone was a significant factor for a new diagnosis of fUTI (Table 4 ) or for being at risk of suffering a recurrence of fUTI (Table 3) . Patients with an accompanying renal stone had an elevated risk of having a remnant stone that had previously been exposed to infected urine; and this remnant stone may have been an influence on the onset of post-operative complications, such as recurrent fUTI.
Due to recurrent fUTI, 10 patients were re-admitted within the first month after discharge. Among them, 8 patients underwent URS with or without RIRS or PCNL, and the remaining 2 patients were treated with ESWL. Increased intra-renal pressure and urine extravasation during URS were associated with an elevated risk of post-operative fever [16] . Auge et al. [17] reported that the irrigation pressure of RIRS using an access sheath was significantly lower than for URS. An access sheath had a protective effect against pyelovenous and pyelolymphatic backflow. Similarly, as compared with URS, retroperitoneal laparoscopic ureterolithotomy showed a lower rate of post-operative fever (4.9% as compared with 13.9%, p=0.043). In another study, the rate of post-operative APN within the first month was 7.4% in patients who had undergone RIRS. Early antibiotic treatment before 1 week could decrease the chance of APN about 63.0% [18] . Therefore, appropriate antibiotic treatment and careful attention are needed when an OPN patient undergoes URS. There has been some concerns that ureteral stent insertion could increase the risk of exacerbating urinary infection by stone manipulation and that it would be less effective for draining urine as compared with a large-caliber PCN tube [19] . However, previous studies have shown that either PCN or a ureteral stent could effectively relieve obstruction and infection associated with urinary stone [20, 21] . Recently, Wang et al. reported that, as compared with the insertion of a PCN tube, URS together with a course of strong antibiotics could also be an effective and safe management protocol for fighting sepsis associated with obstructing ureteral stone [22] . Similar to this, the differences between the decompression method (ureteral stent insertion vs. PCN tube insertion) and stone treatment method (URS and RIRS vs. ESWL) were not found to be significant in our study ( Table 1) .
Our study has several limitations to consider. Our results were derived from retrospective data and the number of patients included was relatively small. Moreover, additional data regarding the status of infection (ex., stone culture, blood culture) or stone (ex., urinary calculi formation) were somewhat lacking. However, the presentation of OPN with urinary stone has been a relatively common disease; and proper management and careful monitoring remain important. We are focused more on the risk of recurrent fUTI associated with the presence of stones than on the treatment of stones. To prevent and respond to the recurrence of fUTI after stone treatment, a range of research is still needed; and one could find this study meaningful in this regard. Moreover, further studies, such as an investigation into the efficacy of low-dose antibiotic prophylaxis for high-risk patients or large scale studies of OPN patients with stone, may also be necessary.
CONCLUSIONS
We found that having an initially positive urine culture was a significant risk factor for the development of recurrent fUTI in urinary stone patients with acute OPN. Moreover, the median time to recurrence was only 16 days. Therefore, cautionary short term follow-up is necessary in these patients. Additionally, repeated urine tests were also needed in patients found to have ARI or renal stones during the follow-up period.
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